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Introduction 
During recent years, marine geophysical studies have "become 
oriented strongly in the direction of reflection profiling. The 
emphasis on the reflection technique is due in a large part to the 
development of "profiler" recorders which display the reflection data, 
in cross section form, allowing visual correlation and integration of 
arrivals. Systems utilizing explosives, high voltage sparks, explos¬ 
ive gas mixtures, and various electro-mechanical transducers as acoustic 
sources have been used successfully (Clay and Liang, 1962: Ewing and 
Tirey, I96I; Hersey, 1962; and Shor, et al., 1963). Reflection data 
from depths as great as four thousand meters below the sea floor have 
"been obtained with explosive charges (l/2 lb. TNT), and substantial 
penetration has been achieved using the non-explosive sources at rel¬ 
atively low ship speeds. A considerable amount of experimentation by 
this and other research organizations has been done in an effort to 
develop sound sources with sufficient energy output, suitable pulse 
shape, proper safety features, and of a design suitable to be used on 
shipboard. This report describes three pneumatic devices and one gas 
exploder designed and tested at Lamont Geological Observatory during 
the past two years . 
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Pneuinatic Gun, MK-1 
Figure 1 is a schematic drawing of the first model of pneumatic 
gun. In operation, high pressure air is introduced into the upper and 
lower chambers. The low volume upper chamber is exhausted to ambient 
pressure through a fast-acting solenoid valve, and the resulting unbalance 
of pressure across the piston causes rapid lifting of the main valve and 
exhaust of the lower chamber into the water. At 2000 p.s.i. air pressure, 
the r.m.s. sound pressure at a range of 1 yd. is 114 db re. 1 p bar. 
The signal was band-passed 5 to 50 cps. During initial tests in September 
1961, several reflection shots were made with this source on the flank of 
Bermuda. Although the thickness of the sedimentary layer was less than 
the minimum amount resoluble with the recording equipment, the signal/noise 
ratio in the bottom reflection was considered to be sufficient for pene¬ 
tration of several hundreds of meters of typical deep-sea sediments. No 
reproducible record is available for this test. 
Pneumatic Gian, MK-2 
Figure 2 illustrates a second model of pneumatic gun designed, 
as was the MK-1 model, to produce an acoustic pulse by the rapid release 
of high pressure air directly into the water. As shown by the schematic 
drawing, this gun is triggered by the operation of a solenoid valve which 
exhausts high pressure air in the middle chamber into the low pressure 
upper chamber. This equalizes pressure on the two sides of the piston 
and allows the high pressure in the lower chamber to drive the valve out¬ 
ward and exhaust into the water. Using 2000 p.s.i. air pressure, this 
gun produces a r.m.s. sound pressure at 1 yd. range of 115 db re. 1 u bar 
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with filter settings of 5 to 50 cps. Field tests were made aboard 
VEMA. in November 1961 hove to in the Sohm abyssal plain. The recorder 
which was available for the tests had a fixed band-pass filter of 
5-20 cps. Reflections at 0.5 and 0.7 sec,after the bottom reflection, 
were visible, although very weak. Subsequent experience has indicated 
that these reflectors would probably have been better indicated if high¬ 
er frequencies had been recorded. 
Pneumatic Plate Gun 
This gun, shown schematically in Figure 3> utilizes the energy 
stored in compressed air to accelerate a large-area plate, which provides 
coupling to the water. One plate is attached to the piston shaft; the 
other is fixed to the main housing. Before "firing," forces are balanced 
between high pressure air in the upper chamber operating on a limited area 
on top of the piston and low pressure air in the lower chamber operating 
on the entire area of the bottom of the piston. When the pressure in 
the upper chamber is raised slightly, the piston moves down unseating the 
valve and allowing high pressure to act on the entire area of the top of 
the piston. This large pressure imbalance (about 13:l) acting through 
the piston shaft results in rapid separation of the two plates and cavita¬ 
tion in the area between them. No calibrated measurements of the pressure 
pulse generated by this gun have been made to date, but reflection data 
have been obtained, as shown in Figure 4. The record shown was made about 
50 miles south of Bermuda and was produced by No. 9 blasting caps, inter¬ 
spersed with "shots" from the plate gun. The plate gun shots are indicated 
by arrows on the record. Filter settings were 75-150 cps; ship speed 
8 knots. The signal strength of the plate gun is apparently very close 
to that of the caps in the frequency recorded. A few additional plate 
gun shots are shown in Figure 5. This record was made on the continental 
slope in the Hudson canyon region. The water depth is 2030 meters and 
the deepest sub-bottom penetration is of the order of 0.8 sec, which 
corresponds to about 800 m. in this area. 
The valve design used in this gun was taken from a General 
Dynamics brochure describing Dynapack* Forming equipment. 
Diesel Oil Exploder 
A diesel oil exploder, patterned in certain respects after a 
propane-oxygen gas exploder which has been in use at Lamont for several 
years, has been designed and has undergone preliminary tests. It is 
shown schematically in Figure 6. Oxygen (or oxygen-enriched air) serves 
both as the oxidizing agent in the combustion chamber and, working through 
a pressure multiplier, to operate the injector pump. Thus, a charge of 
oxygen passes, along with a spray of diesel oil, into the combustion 
chamber which is preheated with electrical heating tape. Preheating of 
the oxygen-diesel mixture is required for complete vaporization of the 
fuel, resulting in uniform and rapid burning. The heating tape (1000 
watts) is wound around the gun barrel inside an insulating jacket to con¬ 
fine the heat as well as possible to the combustion chamber. The mixture 
is ignited by a spark plug. As in the oxygen-propane gas exploder, the 
barrel of the diesel exploder is open to sea water at the lower end, so 
* Trademark 
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that most of the combustion products are exhausted with each shot, 
eliminating the need for valves or purging. 
The diesel exploder has not been field tested as of this date 
(July 1963), but shots fired in a test tank indicate an energy output 
approximately equivalent to that of a propane-oxygen gun of comparable 
size. 
Acknowle dgment s 
This work has been supported by Contract Nonr 266 (79) with 
the Office of Naval Research. Partial support was received from 
Contract Nobsr 85077 with the Bureau of Ships. The writers are indebt¬ 
ed to Maurice Ewing, Charles Drake, Angelo Ludas and others for helpful 
suggestions and discussions. Almost every member of the geophysics branch 
at Lamont Observatory has assisted at some time in field testing, and we 
are particularly grateful for the help of Capt. Clement McCann and the 
officers and crew of the research vessel SIR HORACE LAMB. 
Reproduction of this document in whole or in part is permitted 
for any purpose of the United States Government. 
We also wish to thank Mr. Glenn Davidson of the Naval Ordnance 
Laboratory for supplying us with the sound pressure measurements of the 
MK-1 and MK-2 pneumatic guns. 
References Cited 
Clay, C. S. and W. L. Liang (1962) Continuous seismic profiling with matched 
filter detector; Geophysics, v. XXVII, No. 6, p. 286-295* 
Ewing, J. I. and G. B. Tirey (1961) Seismic profiler; J. Geophys. Res., v. 
66, P. 2917-2927. 
Hersey, J. B. (1962) Findings made during the June 1961 cruise of CHAIN 
to the Puerto Rico Trench and Caryn Seamount; J. Geophys. Res., v. 67, 
p. 1109-1116. 
Shor, G. G., D. G. Moore and W. B. Huckabay (1963) Deep-sea tests of a 
new nonexplosive reflection profiler; J. Geophys. Res., v. 68, p. 1567- 
1571. 
LIST OF ILLUSTRATIONS 
Figure 1 Schematic drawing of pneumatic gun, MK-1 
Figure 2 Schematic drawing of pneumatic gun, MK-2 
Figure 3 Schematic drawing of pneumatic plate gun 
Figure 4 Reflection data obtained by using pneumatic plate gun 
as the sound source 
Figure 5 Reflection data obtained by using pneumatic plate gun 
as the sound source 
Figure 6 Schematic drawing of diesel oil exploder 




















t t t 







i \ i i ! 1 i i i t i 
• f 




! » • 1 i t ; 













COLUMBIA LIBRARIES OFFSITE 
9064300 

